Introduction {#j_helm-2018-0012_s_002}
============

The tapeworm *Ligula intestinalis* (Cestoda: Pseudophyllidea) is the most common species of the genus *Ligula* (Bloch, 1782). This organism, which has a three-host life cycle, infects a range of fresh water species in its plerocercoid stage, particularly members of the Cyprinidae, and as its second intermediate host and has a widespread distribution throughout the northern hemisphere ([@j_helm-2018-0012_ref_004]; [@j_helm-2018-0012_ref_011]; [@j_helm-2018-0012_ref_007]; [@j_helm-2018-0012_ref_014]). A fish becomes infected through the ingestion of eating infected copepods. Once inside the fish, the tapeworm develops in the fish's body cavity into a larval stage known as a plerocercoid in the fish's body cavity, which goes on and to infect fish-eating birds such as herons and cormorants ([@j_helm-2018-0012_ref_011]; [@j_helm-2018-0012_ref_018]; [@j_helm-2018-0012_ref_012]). The parasites persist in the guts of birds for only a few days where they sexual maturity and to reproduce ([@j_helm-2018-0012_ref_011]). As reported for different infected cyprinid species, regardless of sex, season and age, the gonads of infected fish remain immature and only early germ cell stages are present ([@j_helm-2018-0012_ref_001]; [@j_helm-2018-0012_ref_015]; [@j_helm-2018-0012_ref_020]). To date, only two papers have investigated *Ligula intestinalis* in Korea ([@j_helm-2018-0012_ref_021]; [@j_helm-2018-0012_ref_022]). However, a large-scale surveys about the infection status of *Ligula* plerocercoids in a variety of cyprinid fish species have not been conducted in Korea lakes. Many species of the genus *Ligula* are difficult to identify satisfactorily, at least if it is based on morphological characteristics alone. These organisms are flat, unsegmented and have a tapering anterior end with two bothridia pleurocercoids from different host fish that vary in size from 10 -- 100 cm in length, and 3 -- 1.2 cm in width ([@j_helm-2018-0012_ref_014]). Recently, genetic analysis has been employed to distinguish *Ligula* species (Lee et al., 2000; [@j_helm-2018-0012_ref_017]; [@j_helm-2018-0012_ref_005]). Since *Ligula intestinalis* represents a complex of cryptic/sibling species, it is difficult to distinguish. [@j_helm-2018-0012_ref_005] and [@j_helm-2018-0012_ref_023] have been reported that *Ligula intestinalis* seems to occur in Europe rather than in eastern Asia. The genetic analysis in this study was conducted to identify plerocercoid species. In the present study, we investigated the infection status of plerocercoid of the family Ligulidae from three lakes in Korea.

Materials and Methods {#j_helm-2018-0012_s_003}
=====================

The infection status of freshwater cyprinid fish with *Ligula intestinalis* was examined in Chungju lake in Chungcheongbuk-do (do=Province), as well as Euiam and Hoengseong lakes in Gangwon-do, between March 2015 and December 2016. The fish were collected with the help of fisherman. We collected a total of 6,049 cyprinid fish belonging to 19 species from the three lakes once in every three months. The numbers and species of fish examined are shown in [Table 1](#j_helm-2018-0012_tab_001){ref-type="table"}. Collected fish were transferred to the laboratory, classified to particular species and dissected to collect the parasites. Plerocercoid present in the peritoneal cavity were counted, and identified using the characteristics suitable for species identification according to the criteria of Dubinina ([@j_helm-2018-0012_ref_011]) and Bykhovskaya-Pavlovskaya et al. ([@j_helm-2018-0012_ref_008]). Plerocercoid samples were preserved by either placing them in absolute ethanol or freezing them at -80 °C. Moreover, genetic analysis was conducted to identify plerocercoid species. Mitochondrial cytochrome *c* oxidase subunit I (*Cox 1*) and cytochrome *b* (*Cytb*) genes were used as targets ([@j_helm-2018-0012_ref_005]). A total of 20 plerocercoid samples from five fish species were examined and compared with the GenBank-registered *Ligula* species.

###### 

Infection status of cyprinid fish with plerocercoid of *L. intestinalis*, collected from Chungju, Euiam and Hoengseong lakes from Mar. 2015 to Dec. 2016.

                                   No. of fish collected from                            
  -------------------------------- ---------------------------- ---------- ------------- ----------
  *Carassius auratus*              23                           48         17            
  *C. cuvieri*                     2                                                     
  *Cyprinus carpio*                11                           3                        
  *Acheilognathus lanceolatus*     25                                      8             
  *Acheilognathus yamatsutae*      56                           51                       
  *Pseudorasbora parva*            24                           2          30            
  *Hemibarbus longirostris*                                     3          4             
  *Pungtungia herzi*               45                           150        81            
  *S. nigripinnis.morii*           28                                                    
  *Squalidus japonicus coreanus*   41                           507(8\*)                 1 -- 2
  *Squalidus gracilis majimae*     22(6\*)                                 27            1 -- 2
  *Hemibarbus labeo*               32                           245                      
  *H. longirostris*                2                                                     
  *M. yaluensis*                   3                                                     
  *Pseudogobio esocinus*           87                           33         24            
  *Opsariichthys u. amurensis*     21                           69         1,816(7\*)    1 -- 2
  *Zacco platypus*                 95                                      2,064(15\*)   1 -- 2
  *Erythroculter erythropterus*                                 311(9\*)                 12 -- 26
  *Hemiculter leucisculus*                                      39                       
                                                                                         
  Total number of collected fish   517                          1,461      4,071         

\*: No. of infected fish with plerocercoid of *Ligula intestinalis*

Results {#j_helm-2018-0012_s_004}
=======

A total of 6,049 fish (517 from Euiam Lake, 1,461 from Chungju Lake and 4,071 from Hoengseong Lake) belonging to 19 species were examined by dissecting the peritoneal cavity in the present study ([Table 1](#j_helm-2018-0012_tab_001){ref-type="table"}). Five of the 19 species of cyprinids fishes collected in three lakes were infected with plerocercoid of ligulid tapeworm. The infection status according to the fish species and surveyed localities is particularized in [Table 1](#j_helm-2018-0012_tab_001){ref-type="table"}. Overall, totally 4,973 fish from five infected species in three lakes were investigated and the infection prevalence (0.9 %, 45/6.049) ranging from 0.2 % in January -- July to 0.7 % in September -- November ([Table 2](#j_helm-2018-0012_tab_002){ref-type="table"}) was very low. The positive rates of fish with plerocercoids were as follows: 1.5 % (8) *Squalidus japonicus coreanus*, 12 % (6) *Squalidus gracilis majimae*, 0.4 % (7) *Opsariichthys uncirostric amurensis*, 0.7 % (15) *Zacco platypus* and 2.9 % (9) *Erythroculter erythropterus*. The plerocercoid was ivory-white and 26.2 -- 57.8 cm long ([Fig. 1](#j_helm-2018-0012_fig_001){ref-type="fig"}). In *Erythroculter erythropterus*, the number of plerocercoid in the peritoneal cavity was 12 -- 26, while the other four species had 1 -- 2 plerocercoid in the peritoneal cavity. To obtain definitive information regarding the taxonomy of *Ligula* plerocercoid, the partial nucleotide sequence of mitochondrial *Cox 1* and *Cytb* genes were performed. The *Cox 1* (395 bp) and *Cytb* (405 bp) sequences obtained upon gene analysis were compared with GenBank data (Accession number; KY321843.1, KY321844.1, AF153910.1, EU241317.1, EU241316.1, EU241315.1, and EU241218.1, EU241217.1, EU241216.1, EU241215.1), and a 0.1 % genetic difference (2 -- 4 bp) from *Ligula intestinalis* was observed. Based on comparison of the results of genetic analysis with data in GenBank, this plerocercoid was identified as *L. intestinalis*.

![An *Erythroculter erythropterus* with many plerocercoids of *Ligula intestinalis* from Chungju Lake(A) and an *Zacco platypus* with one plerocercoid from Hoengseong Lake (B). Scale bars are 5 cm.](helm-55-251-g001){#j_helm-2018-0012_fig_001}

###### 

Number of infected fish with plerocercoid of *L. intestinalis*, collected from Chungju, Euiam and Hoengseong lakes from Mar. 2015 to Dec. 2016.

  Date of fish collection   Number of infected fish             
  ------------------------- ------------------------- ---- ---- ----
  20 Mar. 2015              1                         1    1    3
  21 June                   1                         0    1    2
  14 Sep.                   1                         3    2    6
  8 Dec.                    0                         8    3    11
  19 Mar.                   2                         2    1    5
  7 June                    0                         0    1    1
  28 Sep.                   0                         2    3    5
  3 Dec.                    1                         6    5    12
                                                                
  Total                     6                         22   17   45

Discussion {#j_helm-2018-0012_s_005}
==========

It is well known that the tapeworm *Ligula intestinalis* infects many different species of freshwater fish, but primarily infects cyprinids ([@j_helm-2018-0012_ref_024]; [@j_helm-2018-0012_ref_003]; [@j_helm-2018-0012_ref_012]). A fish becomes infected through the ingestion of infected copepods, after which the tapeworm develops into a larval stage called a plerocercoid in the fish's body cavity. The definitive hosts are ichthyophagous predatory birds such as herons and cormorants, in which *L. intestinalis* reaches sexual maturity. Parasite eggs are then released into the water with bird feces ([@j_helm-2018-0012_ref_015]). To date, a total of four species of freshwater fishes, *Zacco platypus, Carassius auratus, Hemiculter bleekeri* and *Chanodichthys erythropterus*, have been reported as the second intermediate hosts of *Ligula intestinalis* in Korea ([@j_helm-2018-0012_ref_021]; [@j_helm-2018-0012_ref_022]). *Ligula* pleurocercoids show very limited structural differentiation. Specifically, they are flat, unsegmented and have a tapering anterior end with two bothridia plerocercoids from different host fish that vary in size. Early accounts concerning the genus *Ligula* were reviewed by [@j_helm-2018-0012_ref_010], who recognized only the single species of *L. intestinalis*, and listed 63 species of the host fish from many different families ([@j_helm-2018-0012_ref_001]; [@j_helm-2018-0012_ref_014]). Bykhovskaya-Pavlovskaya et al. suggested that at least two genera (*Digramma* and *Ligula*) and five species, including *L. intestinalis*, are involved and that the plerocercoid of each species is restricted to a relatively narrow range of host species. However, [@j_helm-2018-0012_ref_019] compared *Digramma* and *Ligula* specimens based on ITS and the 5' end of 28S rDNA sequences and found that low level nucleotide variation between the two genera may imply that cestodes in the genus *Digramma* are paraphyletic to the *Ligula* genus, and that *Digramma* is a synonym of *Ligula*. To obtain definitive information regarding the taxonomy of *Ligula* plerocercoid obtained in this survey, we also analyzed the partial nucleotide sequence of mitochondrial *Cox 1* and *Cytb* genes. Based on comparison of the data obtained by genetic analysis to that in GenBank, these plerocercoids were identified as *L. intestinalis*.

The cyprinid fish that serve as the second intermediate hosts of this tapeworm have been reported in a variety of locations worldwide (*Alburnus filippi, Alburnoides bipunctatus, Capoeta capoeta, Cyprinus cpito*, *Gobio gobio, Salmo trutta*, *Scardinius erythrophthalmus, Leuciscus cephalus*, *Leuciscus leuciscus*, *Phoxinus phoxinus*, *Rutilus rutilus*, *Hemiculter bleekeri*, *Barbus* spp. and *Blicca bjoerkna*) ([@j_helm-2018-0012_ref_001]; [@j_helm-2018-0012_ref_009]; [@j_helm-2018-0012_ref_015]; [@j_helm-2018-0012_ref_018]; [@j_helm-2018-0012_ref_006]; [@j_helm-2018-0012_ref_014]; . [@j_helm-2018-0012_ref_026]; [@j_helm-2018-0012_ref_025]; [@j_helm-2018-0012_ref_022]). The infected cyprinid fish confirmed in this study were *Squalidus gracilis majimae, Opsariichthys uncirostric amurensis, Zacco platypus, Squalidus japonicus coreanus* and *Erythroculter erythropterus*. The preponderance of infection in Korean cyprinids seems to be related to the widespread distribution and abundance of these fish. Although typically reported from cyprinid fish, *L. intestinalis* has been shown to utilize a broad range of hosts, including other fish families such as Catostomidae, Salmonidae or Galaxiidae ([@j_helm-2018-0012_ref_011]; [@j_helm-2018-0012_ref_013]; [@j_helm-2018-0012_ref_003]). Therefore, other freshwater families should be investigated in the future. *Ligula intestinalis* infections reportedly tend to occur between July and December ([@j_helm-2018-0012_ref_018]). Infected fish in this study were found mainly among those caught in summer to winter. Thus, during autumn, *L. intestinalis* grows markedly in the host body cavity, and plerocercoids may reach a size between 10 and 30 cm long ([@j_helm-2018-0012_ref_015]). Since the worms in the bird host acquire maturity in 3 -- 5 days in the bird host, infected piscivorous birds are rarely observed under natural conditions ([@j_helm-2018-0012_ref_018]). Thus, it is difficult to determine which bird species in the lakes play a key role in the transmission of *L. intestinalis* in the lakes. Accordingly, future studies investigating what kinds of bird are transmitting *L. intestinalis* in Korea are warranted.
